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DETAILED ACTION 
Claim Cancellations 

1 . Applicant's cancellation of Claims 35 - 38 in Letter of 1 1 April 2005 is acknowledged. 

Claim Rejections - 35 L/.S.C. 103 

2. The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all obvious- 
ness rejections set forth in this Office Action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described as set forth in section 102 of this 
title, if the differences between the subject matter sought to be patented and the prior art are such that the subject matter as a whole 
would have been obvious at the time the invention was made to a person having ordinary skill in the art to which said subject matter 
pertains. Patentability shall not be negatived by the manner in which the invention was made. 

3. Claims 1, 5-7, 29-33, 37, and 38 are rejected under 35 U.S.C. 103(a) as being 
unpatentable over Chen et al. (US 6,211,061 B1) in view of Fink et al. ("Standard Hand- 
book for Electrical Engr." McGraw-Hill, New York (1968)). 

4. Regarding Claim 1 , Chen et al. disclose (Col. 5, line 65 through Col. 6, line 22) a struc- 
ture on a substrate comprising a diffusion barrier layer (24) (Figures 4 and 6B) having a first 
dielectric constant (7.5, silicon nitride), and a thickness in the range, 300 to 500 Angstroms, 
with a layer (30) used as a layer used as an etch stop layer (See Figure 4) above and on 
the diffusion barrier layer with a second thickness and a dielectric constant < 3.0 and an 
interlayer dielectric (34) of thickness, 3000 Angstroms, with a dielectric constant of 3.9 
(silicon dioxide). 

Additionally, Chen et al. do not disclose the effective dielectric constant of the structure. 
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However, the determination of effective dielectric constant is calculable from extremely simple 
equations notoriously well known to those of average skill in the art using elementary Physics 
and Electrical Engineering texts and handbooks (See for example, "Standard Handbook for 
Electrical Engr."). Capacitance for capacitors in series (stack of dielectric layers) is: 
1/C(total) = 1/C(1) + 1/C(2) + .... And in general, C = kA/d, where k is the dielectric con- 
stant, A is area, and d is thickness. The effective dielectric constant is then approximated 
by: k(eff) = d(total) C(total)/A, where 1/C(total) = (1/A)[ d1/k1 +....] , whereby k (eff) = 

d(total)/ [(d1/k1 ) + (d2/k2) + (d3/k3)], where d1 ,k1 refer to layer 1 , etc. Substituting 

values disclosed by Chen et al. in the equation, the effective dielectric constant is less than 
three, and is therefore, an inherent property of the structure. 

5. Regarding Claims 5 and 6, Chen et al. disclose (Col. 6, lines 4-12) that the barrier layer 
is inorganic (silicon nitride) and the etch stop layer is organic (FLARE, SILK). 

6. Regarding Claim 7, Chen et al. disclose that an electrically conductive trace is present in 
the substrate (Col. 5, lines 65 - 67) (20, Figure 6B) and a contact (Col. 8, lines 1 - 2) pres- 
ent in a recess (45) that extends through the ILD, etch stop, and barrier layers making 
electrical connection to the trace. 

7. Regarding Claim 29, Chen et al. disclose that the (third) thickness of the ILD layer (34) is 
3000 Angstroms (Col. 6, lines 14-17) and that the second layer thickness is 1600 Angstroms, 
such that the third thickness is greater than the second (3000 > 1600 A). 
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8. Regarding Claim 30, Chen et al disclose that the (third) thickness of the ILD layer 
(34) is 3000 Angstroms (Col. 6, lines 14-17). Chen et al. do not disclose that the third 
thickness is at least 5 times as thick as the second thickness. However, it would have been 
obvious to one of ordinary skill in the art at the time of the invention to perform a series of 
experiments to obtain a third layer thickness in the recited range of the instant application to 
reduce parasitic capacitance. 

9. Regarding Claim 31, Chen et al. disclose that the second thickness is about 5000 
Angstroms (Col. 6, lines 10-11) and the first thickness is about 500 Angstroms, such that the 
second thickness is greater than the first thickness (5000 > 500 A). 

10. Regarding Claim 32, Chen et al. disclose that the second thickness (5000 Angstroms) is at 
least 1 0 times as thick as the first thickness (500 Angstroms). 

1 1 . Regarding Claim 33, Chen et al. disclose that the ILD layer has a third thickness and as 
discussed for Claims 32 and 38, that the second thickness (5000 Angstroms) is at least 10 
times as thick as the first thickness (500 Angstroms). Chen et al. do not disclose that the third 
thickness is at least 5 times as thick as the second thickness. However, it would have been 
obvious to one of ordinary skill in the art at the time of the invention to perform a series of 
experiments to obtain a third layer thickness in the recited range of the instant application to 
reduce parasitic capacitance. 
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12. Claims 3 and 4 are rejected under 35 U.S.C. 103(a) as being unpatentable over Chen et 
aL in view of Fink et al., as applied to Claims 1,5-7, and 29 - 33, and further in view 

of Wang et al. (US 6,291 ,887 B1 ). 

Chen et al. do not disclose an organic diffusion barrier layer and an inorganic etch stop 
layer. However, Wang et al. disclose (Col. 8, lines 16 - 21 , lines 44 - 46) that the first (diff- 
usion barrier) layer (14) (Col. 5, lines 20 - 24) is a arylene ether polymer (FLARE) (organic) 
and the etch stop layer (16) is nitride (inorganic) (Col. 5, lines 36 - 38). It would have been 
obvious to one of ordinary skill in the art at the time of the invention to combine Wang et al. 
with Chen et al. to obtain a dielectric layer stack with low "effective" dielectric constant. 

13. Claim 8 is rejected under 35 U.S.C. 103(a) as being unpatentable over Chen et al. (US 
6,21 1 ,061 B1 ) in view of Fink et al., as applied to Claims 1,5-7, and 29 - 33, and 
further in view of Dubin (US 6,249,055 B1). 

14. Regarding Claim 8, Chen et al. do not disclose a "single" damascene structure for the 
contact, but do disclose a dual (or T-shaped) damascene structure. The difference between 
a single and a dual damascene structure involves only a change in shape and a contin- 
uous etch through the layers for the single, whereas the dual requires two etch steps, as is 
notoriously well known in the art. Dubin, for example, discloses (Figure 1) (Col. 6, lines 19 
31) that the single and dual damascene structures are formed in a similar sequence, the 
latter involving only a second etch step. Hence, it would have been obvious to one of 
ordinary skill in the art at the time of the invention to alter the "shape" of the contact to 
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produce a single damascene structure and to combine Chen et al. with Dubin to obtain a 
compact connect metallization structure. 

15. Claims 12-14 are rejected under 35 U.S.C. 103(a) as being unpatentable over Uglow 
et al., as applied to Claims 9 and 10, and further in view of Fink et al. 

Chen et al. do not disclose effective dielectric constants for the ILD, etch stop, and diffusion 
barrier layer "stacks". As discussed for Claim 1, the effective dielectric constant is approxi- 
mated (Fink et al.) by the equation: d(total)/ [(d1/k1) + (d2/k2) + (d3/k3)] , where d1,k1, .... 
refer to thickness and known dielectric constants of layer 1 , etc. Uglow et al. do not explicitly 
disclose the thickness of the diffusion barrier layer, d1 . However, Uglow et al. do disclose 
that the total thickness of the dielectric layers is about 10,000 Angstroms (Col. 6, lines 62 - 
63). Since the thickness of the second (104) layer is 4500 Angstroms (Col. 4, line 50) and 
the thickness of the third (106) layer is 5000 Angstroms, the thickness of the first (barrier) 
layer is about 500 Angstroms. I 

Using the values of thickness over the range disclosed by Uglow et al. and known dielectric 
constants, approximate range of effective dielectric constants is calculated using Fink et al. 
to values in the range, 2 to S.Therefore, it would have been obvious to one of ordinary skill 
in the art at the time of the invention to combine Fink et al. with Uglow et al. to obtain low 
effective k values for the "stack" combination. 
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16. Claim 19 is rejected under 35 U.S.C. 103(a) as being unpatentable over Chen et al. 
as applied to Claims 16-18, and further in view of Wolf. ("Si I icon 

Processing for the VLSI Era, Vol. 4 - Deep Submicron Process Technology," Lattice Press, 
Sunset Beach, CA (2002), p.641) 

Chen et al. do not explicitly disclose a dielectric constant for the etch stop layer. Wolf 
(Figure 14-2) discloses that SILK (one of the materials disclosed by Chen et al.) has a 
dielectric constant less than about 2.8. It would have been obvious to one of ordinary skill in 
the art at the time of the invention to combine Chen et al. and Wolf to obtain low effective k 
values for the "stack" combination. 

17. Claim 20 is rejected under 35 U.S.C. 103(a) as being unpatentable over Chen et al., 

as applied to Claims 16-18, and further in view of Bains ("Nanostructured Dielectrics Good 
Candidates for Next Generation Computer Chips," OE Reports, No. 194, (February, 2000) pp. 
1-3). 

Chen et al. do not explicitly disclose that the etch stop layer has a dielectric constant of about 
2. However, Bains discloses that IBM produces a porous organosilicate dielectric material of 
dielectric constant equal to 2.2. Therefore it would have been obvious to one of ordinary skill 
in the art at the time of the invention to utilize an organosilicate material with pores to attain a 
low k etch stop layer for use in forming damascene interconnects, and hence to combine 
Bains and Chen et al. 
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18. Claim 28 is rejected under 35 U.S.C. 103(a) as being unpatentable over Chen et al. in 
view of Fink et a!., as applied to Claims 1,5-7, 29- 33, 37, and 38, and further in view of 
Uglow et al. (US 6.251,770 B1). 

19. Regarding Claim 28, Chen et al. disclose a structure comprising an electrically conducting 
trace (20) (Figure 6B) in the substrate. Chen et al. do not disclose a first and second recess in 
the ILD layer wherein a first width extends from a bottom surface of the ILD layer up to a 
position partway through the ILD layer, and a second width wider than the first width and 
extending from the top of the first recess to the top of the ILD layer. Uglow et al. disclose an 
ILD layer (106') (Figure 10B) wherein the first recess has a first width and extends to a 
position partway through the layer, and a second recess with a width wider than the first, 
extending from the top of the first recess to the top of the ILD layer. 

Further, Chen et al. do not disclose a contact disposed in the first and second recesses, 
where the contact makes electrical connection to the trace. Uglow et al. disclose a contact 
(302) disposed on the two recesses and making electrical connection to the trace (122). It 
would have been obvious to one of ordinary skill in the art at the time of the invention to com- 
bine Uglow et al. with Chen et al. to obtain a damascene structure to interconnect various 
parts of the circuit. 

20. Claim 34 is rejected under 35 U.S.C. 103(a) as being unpatentable over Chen et al. in 
view of Uglow et al. 
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21. Regarding Claim 34, Chen et al. disclose a structure wherein the diffusion barrier layer 
comprises silicon nitride (Col. 6, lines 4 - 7), the etch stop layer comprises an organic poly- 
mer (Col. 6, lines 8- 12, 

Chen et al. do not disclose an ILD layer comprising carbon doped oxide. However, Uglow et al. 
disclose (Figure 10B) that the ILD layer (106') comprises a carbon doped oxide (Col, 6, lines 29 
30). it would have been obvious to one of ordinary skill in the art at the time of the invention to 
combine Uglow et al. with Chen et al. to obtain reduced inter-metal capacitance and faster 
devices (Uglow et al, Col. 1 , lines 29 - 31 ). 

Chen et al. disclose that the ILD layer has a third thickness and as discussed for Claims 32 and 
38, that the second thickness (5000 Angstroms) is at least 10 times as thick as the first thick- 
ness (500 Angstroms). Chen et al. do not disclose that the third thickness is at least 5 times as 
thick as the second thickness. However, it would have been obvious to one of ordinary skill in 
the art at the time of the invention to perform a series of experiments to obtain a third layer 
thickness in the recited range of the instant application to reduce parasitic capacitance. 

Claim Rejections - 35 U.S.C. 102 

22. The following is a quotation of the appropriate paragraphs of 35 U.S.C. 102 that 
form the basis for the rejections under this section made in this Office action: 

A person shall be entitled to a patent unless - 
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(e) the invention was described in (1) an application for patent, published under section 122(b), by another filed in the 
United States before the invention by the applicant for patent or (2) a patent granted on an application for patent by 
another filed in the United States before the invention by the applicant for patent, except that an international application 
filed under the treaty defined in section 351(a) shall have the effects for purposes of this subsection of an application filed 
in the United States only if the international application designated the United States and was published under Article 
2 1 (2) of such treaty in the English language. 



23. Claims 9 and 10 are rejected under 35 U.S.C. 103(a) as being anticipated by Uglow et 
al. (US 6,251,770 81). 

24. Regarding Claims 9 and 10, Uglow et al. disclose (Col. 4, Iines24 - 25) an electrically 
conductive trace (122) (Figure 2) in a substrate and coplanar with the upper surface, with a 
structure on the substrate comprising a inorganic (silicon nitride) diffusion barrier layer 
(102) (Figure 2) above and on substrate and trace, with an inorganic (silicon dioxide) layer 
used as an etch stop layer (Col. 4, lines 50 - 53) (104) above and on the diffusion barrier 
layer and an (inorganic) ILD layer (silicon dioxide) disposed above and on the etch stop 
layer, with the diffusion barrier layer and etch stop layer mutually selected from an 
inorganic composition. 

Uglow et al. do not explicitly disclose that the thickness of the diffusion barrier layer is 500 
Angstroms. However, Uglow et al. do disclose that the total thickness of the dielectric layers 
is about 10,000 Angstroms (Col. 6, lines 62-63). Since the thickness of the second (104) 
layer is 4500 Angstroms (Col. 4, line 50) and the thickness of the third (106) layer is 5000 
Angstroms, the thickness of the first (barrier) layer is then 500 Angstroms. It is therefore 
implicit that the thickness of the diffusion barrier layer is in the range, one monolayer to 1000 
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Angstroms. 

25. Claims 16-18 are rejected under 35 U.S.C. 102(e) as being anticipated by Chen et al. 

26. Regarding Claims 16-18, Chen et al. disclose (Col. 5, line 65 through Col. 6, line 22) a 
structure on the substrate comprising an inorganic (silicon nitride) first dielectric layer (24) 
(Figures 4 and 6B) above and on substrate and trace, having a thickness in the range, 300 to 
500 Angstroms, with an organic (arylene ether polymer) (FLARE) layer used as an etch stop 
layer (See Figure 4) 

above and on the first dielectric layer and an interlayer dielectric (ILD) disposed on the etch 
stop layer wherein, a conductive damascene "plug" is present (Col. 8, lines 1 and 2) in recess 
45 (Figure 6B), where the conductive layer is in contact with first dielectric layer, etch stop 
layer, and ILD layer. 

Response to Arguments 

27. Applicant's arguments with respect to claims have been considered but these have been 
found to be unpersuasive. In particular, Applicant has repeated some of the arguments pre- 
sented in the previous Office Action. Since these have been addressed in detail, only a 
summary will be given herein. Applicant contends throughout the Response (pp. 9-10) that 
layer 34 is not an ILD layer and layer 30 is not an etch stop layer. Examiner does not concur, 
layer 34 is a dielectric and can be disclosed as an ILD layer, as would be recognized by one of 
ordinary skill in the art. Although Applicant has argued on the basis of etch rate differences. 
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there are no recitations in the claims of such etch rate differences. However, due to chemical 
differences between the organic and inorganic dielectric layers, the plasma etch rate of the 
organic dielectric is significantly less than that of the inorganic, as is well known in the art 
(Wang et a!., US 20040207091, para. [0112] ), contrary to allegations of Applicant. Further, in 
the reference (Col. 6, lines 9-15) the etch stop is organic and the overlying dielectric is Si02. 

Regarding Claim 8, Examiner has eliminated the case law reference. An additional reference 
has been added. 

In regard to the allegation that the effective dielectric constant is greater than 3.0 (p. 11, 
Response) Examiner does not agree. For layer 24 the thickness is in the range, 300 to 500 
Angstroms (Col. 6, lines 6 - 7), for layer 30, thickness is in the range, 1600 to 7000 Angstroms 
(Col. 6, lines 10-11), and for layer 34, the thickness is in the range, 1000 to 3000 Angstroms 
(Col. 6, lines 16- 17), wherein k1 =7.9, k2 in range, 1.1 to 1.5 (porous) (M. Clarke, Mykrolis 
Applications Notes, p. 5 ) and k3 = 3.9. Therefore, when the thickness of layer 34 is increased 
to a value about 5 times that of the second layer, using the formula presented in the rejection 
for Claim 1, .k(eff) is approximately 42500/(500/7.9 + 7000/1.1 + 35000/3.9] Examiner 
calculates a range of values for the thicknesses disclosed, wherein, k(effective) is less than 
about three. 

With regard to Claim 28 (p. 12, Response), Examiner does not agree with the contention of 
Applicant that the two references cannot be combined. Chen et al. do not explicitly disclose a 
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contact ''disposed in the first and second recesses, wherein the contact makes an electrical 
connection to the trace,". There is certainly a rationale for combining, since Chen et al. do not 
disclose a "filler" layer within the recess. Further, contrary to the allegations of Applicant, layer 
106 does indeed provide the patterning functionality and is used to form a trench (Figure 6) 
and via. Therefore, the two references can be combined. 

The references given in this section represent support for Examiner's response to arguments 
of Applicant. 



28. Any inquiry concerning this communication or earlier communications from the 
Examiner should be directed to Thomas Magee, whose telephone number is (571) 272 
1658. The Examiner can normally be reached on Monday through Friday from 8:30AM 
to 5:00PM (EST). If attempts to reach the Examiner by telephone are unsuccessful, the 
examiner's acting supervisor, Stephen Loke, can be reached on (571) 272-1657. The 
fax number for the organization where this application or proceeding is assigned is (703) 
872-9306. 



Conclusions 



Thomas Magee 
June 6, 2005 
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